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Figure 2(B) is a photomicrograph (x 400) showing the structure of a Ti-9.5V-2.5Mo-3Al alloy after a 
solution treatment (at 750 • C for 0.5 h) followed by oil cooling; 

Figure 2(C) is a photomicrograph (x 400) showing the structure of a Ti-9.5V-2.5Mo-3Al alloy after a 
solution treatment (at 750 " C for 0.5 h) followed by oil quenching and an ageing treatment (at 500 • C for 
5 5h); 

Figure 2(D) is a photomicrograph (x 400) showing the structure of a Ti-9.5V-2.5Mo-3AX alloy after a 
solution treatment (at 850 ' C for 0.5 h) followed by oil quenching; 

Figure 2(E) is a photomicrograph (x 400) showing the structure of a Ti-9.'5V-2.5Mo-3Al alloy after a 
solution treatment (at 850 ' C for 0.5 h) followed by oil quenching and an ageing treatment (at 400 w C for 
10 16 h); 

Figure 2(F) is a photomicrograph (x 400) showing the structure of a Ti-9.5V-2.5Mo-3AJt alloy after a 
solution treatment (at 850 • C for 0.5 h) and an ageing treatment (at 450 • C for 16 hr); 
Figure 2(G) is a photomicrograph (x 400) showing the structure of Ti-9.5V-2.5Mo-3At alloy after a 
solution treatment (at 850 • C for 0.5 h) and an ageing treatment (at 500 ' C for 1 6 h); 
75 Figure 3 is a graph showing the Vickers hardness of a Ti-99.5V-2.5Mo-3Al alloy after a solution 
treatment (at 850 '.C for 0.5 h) followed by oil quenching and an ageing treatment; 
Figure 4 is a graph showing the Vickers hardness of a Ti-9.5V-2.5Mo-3Al alloy after a solution treatment 
(at 750 • C for 0.5 h) followed by oil quenching and an ageing treatment; 

Figure 5(A) is a photomicrograph (x 400) showing the structure of a Ti-6AI-4V alloy before a heat 
20 treatment; 

Figure 5(B) is a photomicrograph (x 400) showing the structure of a Ti-6At-4V alloy after a solution 
treatment (at 900° C for 0.5 h) followed by oil quenching; 

Figure 5(C) is a photomicrograph (x 400) showing the structure of a Ti-6A1-4V alloy after a solution 
treatment (at 900* C for 0.5 h) followed by oil quenching and an ageing treatment at (600° for 5 h); 
25 Figure 5(D) is a photomicrograph (x 400) showing the structure of a Ti-6Al-4V alloy after a solution 
treatment (at 1050 *C for 0.5 h) followed by oil quenching; 

Figure 5(E) is a photomicrograph (x 400) showing the structure of a Ti-6AJt-4V alloy after a solution 
treatment (at 1050 *C for 0.5 h) followed by oil quenching and an ageing treatment (at 400 *C for 16 h); 
Figure 5(F) is a photomicrograph (x 400) showing the structure of a Ti-6Al-4V alloy after a solution 

30 treatment (at 1050 • C for 0.5 h) followed by oil quenching and an ageing treatment (at 500 • C for 16 h); 
Figure 5(G) is a photomicrograph (x 400) showing the structure of a Ti-6A1-4V alloy after a solution 
treatment (at 1050"C for 0.5 h) followed by oil quenching and an ageing treatment (at 600 °C for 16 h); 
Figure 5(H) is a photomicrograph (x 400) showing the structure of a Ti-6Al-4V alloy after a solution 
treatment (at 1050/C for 0.5 h) followed by oil quenching and an ageing treatment (at 600 *C for 16 h); 

35 Figure 6 is a graph showing the Vickers hardness of a Ti-6Al-4V alloy after a solution treatment (at 
1050 *C for 0.5 h) followed by oil quenching and an ageing treatment; 

Figure 7 is a graph showing the Vickers hardness of a Ti-6A1-4V alloy after a solution treatment (at 
900' C for 0.5 h) followed by oil quenching and an ageing treatment; 

Figure 8(A) is a photomicrograph (x 400) showing the structure of a Ti-15V-3Al-3Sn-3Cr alloy before a 
40 heat treatment; 

Figure 8(B) is a photomicrograph (x 400) showing the structure of Ti-15V-3Al-3Sn-3Cr alloy after a 
solution treatment (at 750 *C for 10 min) followed by oil quenching; 

Figure 8(C) is a photomicrograph (x 400) showing the structure of a Ti-15V-3At-3Sn-3Cr alloy after a 
solution treatment (at 750 *C for 10 min) followed by oil quenching and an ageing treatment (at 450 *C 
45 for 40 h); 

Figure 8(D) is a photomicrograph (x 400) showing the structure of a Ti-15V-3At-3Sn-3Cr alloy after a 
solution treatment (at 700 'C for 10 min) followed by oil quenching; 

Figure 8(E) is a photomicrograph (x 400) showing the structure of a Ti-15V-3A*-3Sn-3Cr alloy after a 
solution treatment (at 700 *C for 10 min) followed by oil quenching and an ageing treatment (at 450 *C 
so for 40 h); and 

Figure 9 is a graph showing the Vickers hardness of a Ti-15V-3At-3Sn-3Cr alloy after a solution 
treatment (at 700* C for 10 min) followed by oil quenching and an ageing treatment. 
The preferred process of the present invention comprises subjecting an a + p titanium alloy or a 0 
titanium alloy to a 0 solution treatment above the 0 transformation point, quenching the treated alloy to 
55 room temperature, and subjecting the quenched alloy to an ageing treatment below the 0 transformation 
point to precipitate a .fine precipitate from the martensitic phase and the 0 phase on the whole surface. 

The structure of an a + 0 titanium alloy is converted into a martensitic single phase when the alloy is 
heated and held above the 0 transformation point (0 solution treatment) and then quenched. On the other 
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hand, th structure of a 0 titanium alloy is converted into a 0 single phase when the alloy is heat d and 
held above the 0 transformation point and then quenched. Further, when the alloy is aged below th 0 
transformation point, a fine precipitate of an a phase or an « phase is formed in a martensitic phase matrix 
or 0 phase matrix. When th alloy is polished for mirror finishing in such a structure so that an a phase or 
5 an « phase is precipitated in a martensitic phase, or an a phase or an « phase is precipitated in a 0 phase, 
the surface of the titanium alloy can be uniformly polished and a mirror state can be provided. 

The present invention will now be described in more detail with reference to the accompanying 
drawings. 

70 Example 1 

In the present Example, use was made of an a + 0 (near 0) titanium alloy. 

Table 1 

75 



Ingredient 


Ti 


Al 


Mo 


V 


wt% 


balance 


3 


2.5 


9.5 



The structure of the above-mentioned titanium alloy, when subjected to various heat treatments, is 
shown in Figure 2. 

Figure 2(A) shows the structure of the titanium alloy of Table 1 before a heat treatment, wherein two 
phases, i.e. a and 0 phases, are present in the structure. 

Figure 2(B) shows the structure of the titanium alloy of Table 1 after a solution treatment at 750 • C for 
0.5 h followed by oil quenching, wherein two phases, i.e. a and 0 phases are present in the structure. 
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Table 2 



Solution treatment 


i 


Aging treatment 


• cooling 


temp. (°C) 


time 


cooling' 


temp. (°C) 


time 


750 


0.5 h 


O.Q. 








450 
500 


5 h 


A.C. 


820 


5 h 


O.Q. 


500 


5 h 


A.C. 


850 


5 h 


O.Q. 








400 
500 
600 


5 h 


A.C. 


900 


5 h 


O.Q, 








• m 400 . 

». 

500 
6Q0 


5 h 


A.C . 


850 


5 min 
10 min 


O.Q. 








• .500 


5 h 


A.C. 


850 


0.5 
5 h 


O.Q. 








400 ' 

450 

500 


2 

16 h 


i 

A.C. 



«5 Note: p transformation point: 780° C 

Figure 2(C) shows the structure of the titanium alloy of Table 1 after a solution treatment at 750 " C for 
0.5 h followed by oil quenching and an ageing treatment at 500 *C for 5 h, wherein a fine a phase is 
60 precipitated from a £ phase and a pro-eutectoid a phase remains as it is. 

Figure 2(D) shows the structure of the titanium alloy of Table 1 after a solution treatment at 850 • C for 
0.5 h followed by oil quenching, wherein the structure is a martensitic one. 

Figure 2(E) shows the structure of the titanium alloy of Table 1 after a solution treatment at 850 ° C for 
0.5 h followed by oil quenching, and an ageing treatment at 400 'C for 0.5 h and air cooling, wherein a fine 
55 <o phase is precipitated from a martensitic matrix. 

Figure 2(F) shows the structure of the titanium alloy of Table 1 after a solution treatment at 850 • C for 
0.5 h followed by oil quenching, and an ageing treatment at 400 # C for 16 h and air cooling, wherein a fin 
a phase or « phase is precipitated from a martensitic matrix. 
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Figur 2(G) shows the structur of the titanium alloy of Table 1 after a solution treatment at 850 • C for 
0.5 h followed by oil quenching, and an ageing treatment at 500 *C for 16 h and air cooling, wherein a fine 
acicular a phase is precipitated from a martensitic matrix. 

Thus, in the titanium alloy of Table 1, a martensitic single phase structure having no a phase remaining 

5 therein was prepared through a solution treatment above the 0 transformation point (780 * C) followed by oil 
quenching. In this case, a period of 5 min or longer was necessary for the solution treatment. An ageing 
treatment in this state below the ^transformation point gave rise to a structure wherein a fine *> phase was 
precipitated from a martensitic matrix when the temperature was below 450 *C ( and a structure wherein a 
fine o phase was precipitated from a martensitic matrix when the temperature was above 450 • C. On the 

w other hand, when the alloy was solution treated below the 0 transformation point and then oil quenched, a 
two-phase structure of a and & phases was formed. A further ageing treatment below the 0 transformation 
point brought about the formation of the structure so that a fine a phase was precipitated from the 0 phase 
and a pro-eutectoid a phase remained in the structure. Figures 3 and 4 show the hardness of the titanium 
alloy when subjected to various heat treatments. 

15 Figure 3 is a graph showing the hardness of the titanium alloy of Table 1 after a solution treatment at 
850 - C for 0.5 h followed by quenching and an ageing treatment. 

The titanium alloy of Table 1, when subjected only to a solution treatment, exhibited a Vickers 
hardness, Hv, of 260. In each ageing treatment temperature, the Hv value was above 350 when the ageing 
tretment time was 2h, i.e. the effect of the ageing treatment was obtained. 

20 This effect could be attained by virtue of the precipitation ; of a fine o phase or o phase from the 
martensitic matrix. 

Figure 4 is a graph showing the hardness of the titanium alloy of Table 1 after a solution treatment at 
750 *C for 0.5 h followed by quenching and an ageing treatment. The titanium alloy of Table 1, when 
subjected only to a solution treatment, exhibited a Vickers hardness, Hv, of 240. When this alloy was aged, 
25 the Hv value reached 420 when the ageing treatment was conducted at 400 • C for 5 h, and reached 370 
when the ageing treatment was conducted at 500 0 C for 5 h. This suggests that the effect of hardening by 
precipitation of an a phase or an « phase from the a + /? phase was attained. 

The results of a mirror finishing treatment of the titanium alloy of Table 1 , which has been subjected to 
various heat treatments, are shown in Table 3. 

30 

Table 3 



Solution treatment 


850'C, 0.5 h (O.Q) 0 JT?6.Q> 


Aging treatment 




400°C 
5 h 


450°C 
5 h 


500°C 
5 h 




500°C 
5 h 






Surface 
rough- 
ness 


max . Rmax 
(urn) 


0.541 


0.265 


d'.407 


0.323 


1.036 


0.323 


min. Rmax 
(um) 


0.222 


0.109 " 


0.105. 


0.166 


0.104 


0.152 


average 

(um) 


0.451 


0.182 


0.31-6 


0.257 


0.434 


0.253 


Surface state 


corru- 
gated 


slight- 
ly 

satin 


good 


good 


corru- 
gated 


satin 



Note: *: The mirror finishing was conducted by 

polishing with a sand paper, then with an 
abrasive and finally with a buff. 

Table 3 shows a specific roughness and surface state after polishing. The surfac roughness was 
represented in terms of the maximum value, the minimum value, and the average value of the maximum 
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surface roughness, Rmax, when measurements were conducted at seven points at intervals of 2 mm for 
ach sample. 

Th titanium alloy of Table 1 , when subjected to a solution treatment at 750 • C for 0.5 h followed by an 
ageing treatm nt at 500 "C for 5 h, exhibited an Hv value of 370 and had only small corrugation and surface 
5 roughness but could be given only an uneven polishing due to the difference in the hardness between the a 
phase and the 0 phase, so that a satin finish pattern was formed. 

On the other hand, the titanium alloy of Table 1 , when subjected to a solution treatment of 850 • C for 
0.5 h followed by oil quenching and an ageing treatment at 450 • C for 5 h or at 500 • C for 5 h, exhibited a 
high Vlckers hardness and a small surface roughness, comprised an a phase or an « phase uniformly and 
10 finely precipitated in a martensitic matrix, was free from the risk of having uneven polishing, and could be 
given a mirror state. The titanium alloy of Table 1, when aged at 400 *C for 5 h, brought about no complete 
precipitation of an a phase or a « phase, so that slight uneven polishing was observed. 

Thus, in the a + j8 titanium alloy, an excellent mirror state could be attained by solution-treating the 
alloy above the transformation point, quenching the treated alloy, ageing the alloy below the j8 
15 transformation point to form a structure wherein a fine a phase or <o phase was precipitated from a 
martensitic matrix, and subjecting the alloy to a mirror finishing treatment. 

Example 2 

20 In the present Example, various heat treatments specified in Table 5 were carried out on the a + 0 
titanium alloy listed in Table 4. 

Table 4 



Ingredient 


Ti 


Al 


V 


wt% 


balance 


6 


4 



The structures of the titanium alloy of Table 4 subjected to various heat treatments are given in Table 5. 

Figure 5(A) shows the structure of the titanium alloy of Table 4 before heat treatment, wherein the 
structure comprises two phases, i.e. a and 0 phases. 

Figure 5(B) shows the structure of the titanium alloy of Table 4 after a solution treatment at 900 • C for 
0.5 h followed by oil quenching, wherein the structure comprises two phases, i.e. a and 0 phases. 
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Table 5 



5 


Solution treatment 




Aging treatment 








cooling 






cooling 










10 


tempo <°C) time (h) 






time (h) 






1050 0,5 


O.Qo 















400 


2 - 16 


A.C. 


15 






500 












600 






20 






700 








900 0.5 


0,Q. 














.. 600 


5 '• 


' A.C. 



25 

Not©; p transformation point: 995°C. 



Figure 5(D) shows the structure of the titanium alloy of Table 4 after a solution treatment at 1050°C for 
30 0.5 h followed by oil quenching, wherein the structure is a martensitic one. 

Figure 5(E) shows the structure of the titanium alloy of Table 4 after a solution treatment of 1O5O 0 C for 
0.5 h followed by oil quenching, an ageing treatment at 400 °C for 16 h and air cooling, wherein a fine <o 
phase is precipitated in a martensitic matrix. 

Figure 5(F) to (H) each show the structure of the titanium alloy of Table 4 after a solution treatment at 
35 1 050 • C for 0.5 h followed by ageing treatment at 500 • C for 1 6 h, at 600 • C for 1 6 h and at 700 • C for 1 6 h 
and air cooling, wherein a fine a phase is precipitated from a martensitic matrix. 

Thus, the structure of the titanium alloy of Table 4 was converted into a martensitic single phase 
structure by solution-treating the alloy above the j8 transformation point (995 ° C) followed by cooling at a 
rate higher than that attained by oil quenching. A further ageing treatment in this state below the 0 
40 transformation point gave rise to a structure wherein a fine w phase was precipitated from a martensitic 
matrix (ageing treatment temperature: 400 *C) or a structure wherein a fine a phase was precipitated from a 
martensitic matrix (ageing treatment temperature: 400 ° C). A solution treatment below the /8 transformation 
point followed by oil quenching brought about a two-phase structure of a and 0 phases, and a further 
ageing treatment below the 0 transformation point gave rise to a structure wherein a fine a phase or o 
45 phase was precipitated from a 0 phase and a pro-eutectoid a phase remained in the structure. 

The hardnesses of the titanium alloy of Table 4, when subjected to various heat treatments, are given in 
Figures 6 and 7. 

The alloy of Table 4, when subjected to a solution treatment at 1050 # C for 0.5 h followed by oil 
quenching, exhibited a Vickers hardness, Hv, of 335. A further ageing treatment below the 0 transformation 
so point improved the Hv value from 350 to 370. This effect derives from the formation of a structure wherein a 
fine a phase or « phase is precipitated from a martensitic matrix. 

On the other hand, the titanium alloy of Table 4, when subjected to a solution treatment at 900 8 C for 
0.5 h followed by oil quenching, exhibited a Hv value of 350. In this case, even when the alloy was further 
subjected to an ageing treatment at 600 *C for 5 h, the Hv value was still 345. In other words, although a 
55 fine a phase was precipitated in a 0 phase, no improvement in the hardness was attained because the 
amount of the 0 phase was small. 

The results of a mirror finishing treatment of the titanium alloy of Table 4, when subjected to various 
heat treatments, are given in Table 6. 
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Table 6 



Solution treatment 


1050'C. 0.5h(O.Q.) 


900 'C, 0.5h(O.Q.) 


Aging treatment 




400*C16h 


500*C 16 h 


600*C 16 h 


700*C 16 h 




600*C 5h 


Surface 
roughess 


max. Rmax 
(urn) 


0.804 


0.531 


0.329 


0.199 


0.163 


0.649 


0.415 


min. Rmax 
(urn) 


0.161 


0.083 


0.110 


0.095 


0.091 


0.331 


0.237 


average 
(urn) 


0.521 


0.261 


0.200 


0.136 


0.132 


0.412 


0.299 


Surface state 


satin 


slightly satin 


good 


good 


good 


slightly satin 


satin 


Note: *: The mirror finishing was conducted by polishing with a sand paper, then with an abrasive and 
finally with a buff. 



As is apparent from Table 6, the titanium alloy of Table 4, when subjected to a solution treatment at 
20 900 *C for 0.5 h followed by oil quenching, and the titanium alloy of Table 4, when subjected to a further 
ageing treatment at 600 °C for 5 h, provided no mirror state even when a mirror finishing treatment was 
carried out. By contrast, the titanium alloy of Table 4, when subjected to a solution treatment at 1050 • C for 
0.5 h followed by oil quenching and an ageing treatment at 500 °C for 16 h, at 600 *C for 16 h and -at 
700 • C for 1 6 h provided an excellent mirror state as a result of a mirror finishing treatment. However, when 
25 the ageing treatment was conducted at 400 *C for 16 h, an a phase or <a phase was not completely 
precipitated, so that no mirror state could be obtained. 

As is apparent from the foregoing description in the a + ft titanium alloy, an excellent mirror state can 
be provided by solution-treating the alloy above the ft transformation point, quenching the alloy to room 
temperature, ageing the quenched alloy below the ft transformation point to form a structure wherein a fine 
30 a phase or « phase is precipitated in a martensitic matrix, and subjecting the aged alloy to a mirror finishing 
treatment. 

Example 3 

35 In the present Example, various heat treatments specified in Table 8 were carried out on the ft titanium 
alloy listed in Table 7. 

Table 7 



Ingredient 


Ti 


V 


Al 


Sn 


Cr 


wt% 


balance 


15 


3 


3 


3 
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Table 8 



5 


Solution treatment 




Aging treatment 








cooling 






cooling 














temp, (°C) 


time 




temp, . (°C) 


time 




10 


750 


10 min 


O.Q. 
















400, 450 


5 min 


A.C. 










550, 550 






15 








600, 650 
700 


120 h 




20 


700 


10 min 


O.Q. 








450 


40 h 


A.C. 



Note: p transformation point: 730°C. 



25 

The structures of the titanium alloy of Table 7, when subjected to various heat treatments, are shown in 
Figure 8. 

Figure 8 (A) shows the structure of the titanium alloy of Table 7 before a heat treatment, wherein there 
is a long thin 0 grain boundary. 
30 Figure 8(B) shows the structure of the titanium alloy of Table 7 after a solution treatment at 750 ■ C for 
10 min. followed by oil quenching, wherein the structure is an isometric 0 single phase structure. 

Figure 8(C) shows the structure of the titanium alloy of Table 7 after a solution treatment at 750 ' C for 
10 min. followed by oil quenching and an ageing treatment at 450 *C for 40 h, wherein a fine a phase, is 
precipitated from the whole 0 phase. 
35 Figure 8(D) shows the structure of the titanium alloy of Table 7 after a solution treatment at 700 • C for 
10 min followed by oil quenching, wherein a 0 phase is contaminated with an a phase. 

Figure 8(E) shows the structure of the titanium alloy of Table 7 after a solution treatment at 700 • C for 
10 min followed by oil quenching and an ageing treatment at 450 'C for 40 h, wherein a pro-eutectoid a 
phase remains in the structure although a fine a phase is precipitated from a 0 phase. 
40 Thus, in the titanium alloy of Table 7, a structure wherein a fine a or co phase is precipitated from a 0 
phase is prepared by solution-treating the alloy above the 0 transformation point (730 • C) and cooling the 
treated alloy to room temperature at a rate higher than that attained by oil quenching to form a 0 single 
phase structure and then ageing the alloy below the 0 transformation point. 

The hardness of the titanium alloy of Table 7, when subjected to various heat treatments, are given in 
45 Figure 9. 

As is apparent from Figure 9, the alloy of Table 7, when subjected to a solution treatment at 750 * C for 
10 min followed by oil quenching, exhibited a Vickers hardness, Hv, of 260, and an ageing treatment below 
600 • C provided a Hv value of above 300. The effect of the ageing treatment could be attained when the 
ageing time was above 40 h. This is because a fine a phase or *> phase is precipitated from the 0 phase, 
so The results of a mirror finishing treatment of the titanium alloy of Table 7 t when subjected to various heat 
treatments, are given in Table 9. 
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Table 9 



Solution treatment 


750'C,0.5h(O.Q.) 


700 'C, 0.5h(O.Q.) 


Aging treatment 




500*C40h 




450°C40h 


Surface roughness 


max. Rmax (urn) 


1.897 


0.212 


0.470 


0.473 


min. Rmax (urn) 


0.525 


0.075 


0.279 


0.256 


average (urn) 


1.029 


0.151 


0.380 


0.392 


Surface state 


satin 


good 


satin 


satin 


Note: The mirror finishing was conducted by polishing with a sand paper, then with an abrasive and 
finally with a buff. 



15 

As is apparent from Table 9, the titanium alloy of Table 7, when subjected to a solution treatment at 
750 'C for 10 min followed by oil quenching and an ageing treatment at 450 *C for 40 h, provided an 
excellent mirror state as a result of a mirror finishing treatment. 

As is apparent from the foregoing description, in a 0 titanium alloy, an excellent mirror state can be 
20 attained by solution-treating the alloy above the £ transformation point, quenching the treated alloy to room 
temperature, ageing the alloy below the transformation point to form a structure wherein a fine a phase or 
an w phase is precipitated from a 0 phase, and subjecting the aged alloy to a mirror finishing treatment. 

As is apparent from the foregoing description, a structure wherein a fine a phase or an « phase is 
uniformly precipitated from a martensitic single phase or a & single phase can be formed by heat-treating 
25 an a + £ titanium alloy or a /S titanium alloy, and an excellent mirror state can be attained by a mirror 
finishing treatment of such a structure. This makes it possible to provide ornaments having a high-grade 
finish due to an imparted mirror surface effect without detriment to the high hardness and without marring 
the resistance characteristics of the titanium alloy. 

30 Claims 

1. A process for treating an a + /S titanium alloy article or a 0 titanium alloy article comprising subjecting 
said alloy article to a £ solution treatment above the /8 transformation point, quenching the solution 
treated alloy article, and ageing the quenched alloy below the 0 transformation point characterised in 

35 that the alloy is moulded into an article having a desired final shape prior to the said solution treatment, 
and said article is finally subjected to a mirror finishing treatment. 

2. A process as claimed in claim 1 characterised in that, after the said ageing, the article is gradually 
cooled to room temperature. 

40 

3. A process as claimed in claim 1 in which the mirror finishing treatment is a polishing treatment 

4. A process as claimed in any preceding claim characterised in that the said quenching produces a 
martensitic phase or a 0 phase. 

45 

5. A process as claimed in claim 4 characterised in that the said quenching produces a martensitic single 
phase or a 0 single phase. 

6. A process as claimed in any preceding claim characterised in that the said ageing produces the fine 
so precipitation of an a phase or an <*> phase in a martensitic phase matrix or a £ phase matrix. 

7. A process as claimed in claim 4 or 5 characterised in that the said quenching causes o and w phases 
to be homogeneously and finely precipitated. 

55 Paten tansprii che 

. 1. Verfahren zur Behandlung ines Gegenstands aus iner a + 0 Titanlegierung oder eines Gegenstands 
aus einer 0 Titanlegierung, wobei das verfahren umfaBt: 
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Aussetzen des Gegenstands aus der Legierung einer 0-L8sungsbehandlung oberhalb des /9-Umwand- 
lungspunkts, 

Abschrecken des iosungsbehand Iten Gegenstands aus der L gierung, und 
Altern der abgeschreckten Legierung unterhalb des 0-Umwandlungspunkts, 
5 dadurch gekennzeichnet, 

daB die Legierung vor der LSsungsbehandlung zu einem Gegenstand mit der gewUnschten Endform 
geformt wird, und daB der Gegenstand schlieBlich einer Hochglanz-Nachbehandlung ausgesetzt wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, 

w daB der Gegenstand nach dem Altern allmShlich auf Raumtemperatur gekUhlt wird. 

3. Verfahren nach Anspruch 1, 

wobei die Hochglanz-Nachbehandlung eine Pollerbehandlung ist. 

T6 4. Verfahren nach einem der vorhergehenden AnsprOche, 
dadurch gekennzeichnet, 

daB das Abschrecken eine Martensit- Phase oder eine 0-Phase erzeugt. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, 

20 daB das Abschrecken eine Martensit-Einzel-Phase Oder eine ein 0-Einzel-Phase erzeugt. 

6. Verfahren nach einem der vorhergehenden AnsprOche, 
dadurch gekennzeichnet, 

daB das Altern die feine PrSzipitation einer a-Phase oder einer Q-Phase in einer Martensit-Phasen- 
25 Matrix oder einer 0-Phasen- Matrix erzeugt. 

7. Verfahren nach Anspruch 4 oder 5, dadurch gekennzeichnet, 

daB das Abschrecken bewirkt, daB a- und n-Phasen homogen und fein prSzipitiert werden. 

30 Revendlcations 

1. Proc6d6 de traitement d'un objet en alliage au titane a + jS ou d'un objet en ailiage au titane j8 qui 
consiste a soumettre cet objet en alliage a un traitement de passage en solution au-dessus du point 
de transformation, a tremper I'objet en alliage traite* en solution, et a vieillir I'alliage tremp6 en-dessous 

35 du point de transformation j8 caractSrisS en ce qu'il consiste a mouler I'alliage en un objet ayant une 
forme finale souhaitee avant le traitement en solution et a soumettre finalement l'objet a un traitement 
de poii speculaire. 

2. Procgde' suivant la revendication 1 caractSrise en ce qu'il consiste, apres le vieillissement, a refroidir 
40 peu a peu I'objet a la temperature ambiante. 

3. Proc6d6 suivant la revendication 1 dans lequel le traitement de poli sp6culaire est un traitement de 
polissage. 

45 4. Proc6d6 suivant Tune quelconque des revendications prScSdentes caract6ris6 en ce que la trempe 
produit une phase martensitique ou une phase 0. 

5. Proc6d6 suivant la revendication 4 caracterise* en ce que la trempe produit une phase martensitique 
unique ou une phase j8 unique. 

50 

6. Proc6de* suivant Tune quelconque des revendications pr6ce*dentes caracterise" en ce que le vieillisse- 
ment produit la precipitation fine d'une phase a ou d'une phase w dans une matrice de phase 
martensitique ou dans une matrice de phase jS. 

55 7. Proc6de* suivant la revendication 4 ou 5 caracte>is£ en ce que la tr mpe fait que les phases a et « 
prScipitent d'une maniere homogfene et finement. 
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Description 

The present invention relates to a process for treating an a + 0 titanium alloy article or a /3 titanium 
alloy article. 

5 In general an a + & titanium alloy article is a two phase alloy comprising a hard phase and a soft 
phase and there is a difference in the hardness and the workability between the or phase and the p phase. 
Therefore, even when such an attempt is made to subject such an article to a mirror finishing, a mirror state 
cannot be produced. 

Moreover, in the case of a & titanium alloy article as well, an a phase Is present although the amount 
70 thereof is small, and thus makes it impossible to produce a mirror state due to a difference in the hardness 
and the workability between the a phase and the 0 phase. 

A process of solution treating, quenching and ageing a + 0 or 0 titanium alloys is known from 
Titanium: A Technical Guide (1988), Ed. M.J. Donachie, Jr. at pages 27 and 62-68. Additionally said 
document discloses on page 98 the polishing and buffing of titanium alloys. 
75 A heat treatment of a titanium alloy article, which has been conducted for the purpose of enhancing the 
strength or toughness of the article, is disclosed in Japanese Patent Publication No. 48025/1983 and 
Japanese Patent Laid-Open No. 281860/1986. In this heat treatment, the article is solution treated below the 
£ transformation point, is quenched, and is aged below the j8 transformation point. In such a treatment, a 
pro-eutectoid a phase remains and there is a difference in the hardness and the workability between the 
20 pro-eutectoid a phase and the phase precipitated from the & phase by the ageing treatment, so that a 
mirror state cannot be obtained even if an attempt to produce mirror finishing is carried out. 

Therefore, a titanium alloy article has been given a satin finish state or has been given a surface 
treatment such as overcoating. 

A titanium alloy has many advantages such as high specific strength, high temperature strength and 
25 good corrosion resistance and has therefore been extensively used for constructional or mechanical parts. 
In such products, a heat treatment is carried out for the purpose of imparting various functions such as 
strength, toughness, corrosion resistance and vibration resistance. The appearance of the product has not 
been of importance and a mirror state has not been considered necessary. In recent years, however, these 
products have been used for ornaments by virtue of features of the titanium alloy such as low specific 
30 gravity, good corrosion resistance, high hardness and high-grade finish. In this case, these products have 
been used after a surface treatment such as overcoating or in a satin finish pattern, but it has not been 
possible to give them a mirror state. 

The reason for this is as follows. In a titanium alloy, there is both a hard phase 2 and a soft phase 1 (as 
shown in Figure 1(A)), so that, in the mirror finishing treatment, the soft phase 1 is selectively polished (as 
35 shown in Fig.1(B)), or otherwise the soft phase 1 is broken away (as shown in Figure 1(C)). This causes an 
uneven portion to be formed on the finished surface, so that a satin finish pattern is formed and a mirror 
state cannot be produced. 

According, therefore, to the present invention, there is provided a process for treating an a + 0 titanium 
alloy article or a £ titanium alloy article comprising subjecting said alloy article to a /8 solution treatment 
40 above the & transformation point, quenching the solution treated alloy article, and ageing the quenched 
alloy below the & transformation point characterised in that the alloy is moulded into an article having a 
desired final shape prior to the said solution treatment, and said article is finally subjected to a mirror 
finishing treatment. Thus the finishing treatment is preferably a polishing treatment. 
Preferably, after the said ageing, the article is gradually cooled to room temperature. 
45 The said quenching preferably produces a martensitic phase (e.g. a martensitic single phase) or a 0 
phase (e.g. a p single phase). 

The said ageing may produce the fine precipitation of an a phase or an « phase in a martensitic phase 
matrix or a 0 phase matrix. 

The said quenching may cause a and o phases to be homogeneously and finely precipitated, 
so The process of the present invention enables titanium alloy ornaments to be produced without detriment 
to their high hardness and without marring the resistance characteristics of the titanium alloy even though 
mirror finishing is used as a post-treatment. 

The invention is illustrated, merely by way of example, in the accompanying drawings, in which:- 
Rgure 1(A) is a cross-sectional view of a known titanium alloy article before mirror finishing; 
55 Figures 1(B) and (C) are cross-s ctional views of a known titanium alloy article after mirror finishing; 

Figure 2(A) is a photomicrograph (x 400) showing the structure of a Ti-9.5V-2.5Mo-3Al alloy before a 
h at treatment; 
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FIG.1B FIG.1C 
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FIG. 3 
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FIG. 5(A) 
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FIG. 9 
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